Abstract
Background
Behçet's disease (BD) is a recurrent, multisystemic, inflammatory disorder that mainly affects blood vessels. Because recurrent inflammation of blood vessels in the brain plays a crucial role in the development of ischemic stroke, we hypothesized that patients with BD might have an elevated risk of ischemic stroke. This potential association has been suggested in a few case reports, but not epidemiological studies. Hence, the present study aimed to examine the relation between BD and subsequent ischemic stroke in Taiwan using a nationwide, population-based database.
Methods
To establish a study cohort, the longitudinal data of 306 patients newly diagnosed with BD during 2000-2010 were extracted from the National Health Insurance Research Database, Taiwan. For comparison of ischemic stroke incidence, a control cohort of 1224 subjects without BD was established using a frequency-matched ratio of 1:4 for age, sex, and preexisting comorbidities.
Results
During the 10-year follow-up, 13 (4.2%) patients with BD and 20 (1.6%) control subjects experienced ischemic stroke. Kaplan-Meier analysis revealed the higher prevalence of ischemic stroke in the BD group (log-rank test, p = 0.001). After adjusting for comorbidities PLOS 
Introduction
Behçet's disease (BD) is an autoimmune inflammatory disease characterized by recurrent mucosal aphthous ulcers (primarily oral but also genital) and a variety of systemic symptoms, including skin lesions as well as ocular, neurological, articular, and gastrointestinal manifestations [1, 2] . The epidemiological distribution of BD is intriguing, as it is most common in areas along the ancient Silk Road that ran from the Mediterranean Sea to Eastern Asia. The worldwide prevalence of BD is highest in Turkey and lowest in North America and Europe [3] [4] [5] . The incidence of BD in Taiwan is moderate (2.40 per 100 000 person-years), a rate that is between those of the Middle East and Europe, the Americas, and Africa [6] . Studies on the etiopathogenesis of BD currently suggest an autoimmune origin [7, 8] . Further influences thought to contribute to BD development include genetic factors, altered hostbacteria interactions, vascular endothelial activation, hypercoagulation status, aberrant immune activity, the presence of immune complexes and autoantibodies, and alterations in hematopoietic cell populations and their associated cytokines [9] [10] [11] . Clinically, BD symptoms are primarily caused by vasculitis that affects arteries and veins of various sizes. Subtle but diffusely distributed vasculitis can lead to endothelial damage; such damage can be complicated by aberrant vascular endothelial activation and hypercoagulability status in BD patients. Therefore, the likelihood of developing thrombus, a precursor to ischemic stroke, is higher in BD patients, demonstrated by the finding that BD patients often develop cerebral arterial thrombosis [12, 13] . Thus, we hypothesize that BD patients may be at elevated risk of ischemic stroke.
In Taiwan, stroke is the most prevalent cause of severe disabilities (incidence of 3.29 ‰; prevalence of 1.93%) [14, 15] and the third most prevalent cause of death [16] . Ischemic stroke is the most common stroke type, and the majority of ischemic strokes involve small vessel occlusion. Age, sex, family history of stroke, socioeconomic status, smoking, alcohol consumption, hyperlipidemia, diabetes mellitus, hypertension, obesity, and atrial fibrillation are important risk factors for stroke in the general population [14, 15, [17] [18] [19] [20] [21] [22] [23] [24] [25] . While, the prevalence and potential risk factors for ischemic stroke in BD patients in Taiwan remain unknown. Although multiple factors are believed to increase the likelihood of acute ischemic stroke in the general public population, the higher risk of ischemic stroke in BD patients with vasculitis warrants further assessment. To date, only few published epidemiological studies investigate the association between BD and acute ischemic stroke events [26, 27] . Therefore, the present study aimed to evaluate the risk of ischemic stroke in BD patients using a nationwide, population-based database.
Materials and methods

Data source and ethical consideration
Since its implementation in 1995, the National Health Insurance (NHI) program of Taiwan has provided comprehensive, unified, and universal health care services to over 99% of the Taiwanese population [28] . We used a subset of the NHI Research Data (NHIRD) that includes the claims data of one million NHI enrollees (approximately 5% of the total Taiwanese population) randomly sampled in 2000. The data cover the period from 1995 to 2010. The NHIRD contains information on patient demographics, diagnoses, medication categories and details, prescription dates, drug dosages, and treatment duration. The protocol of the present study was approved by the Institutional Review Board of Kaohsiung Medical University Hospital (KMUHIRB-EXEMPT(I)-20160003). The requirement of patient informed consent was waived because all data were extracted from the NHIRD, which is encrypted.
Study population
The study cohort comprised patients with BD who were diagnosed according to the International Study Group criteria published in 1990 and the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic criteria (ICD-9-CM code 136.1) between January 1, 2000, and December 31, 2009. To increase the diagnostic validity, we specifically selected the patients who had inpatient diagnosis records with a primary or secondary diagnosis, outpatient diagnosis records with at least three consistent diagnoses, or a catastrophic illness registration card for BD. In Taiwan, BD patients can apply for a catastrophic illness registration card from the NHI Bureau, which exempts BD patients from copayments when seeking health care for BD. We defined the patient's first visit for the diagnosis of BD as the index date. Because this study examined the risk of ischemic stroke in BD patients, those who had received a diagnosis of any type of ischemic stroke (ICD-9-CM codes 433-438) before their BD diagnosis were excluded. We also recorded the presence, before their index date, of the following potential risk factors for stroke: a past history of hypertension (ICD-9-CM codes 401-405), hyperlipidemia (272.4), diabetes mellitus (250), valvular heart disease (398.9 and 424.0-424.3), and congestive heart failure (428.xx) [15, 19, [22] [23] [24] [25] .
To establish a control cohort, control subjects were selected after frequency-matching at a ratio of 1:4 for the following characteristics: age; sex; and pre-existing comorbidities, including hypertension, hyperlipidemia, diabetes mellitus, valvular heart disease, and congestive heart failure [15, 19, [22] [23] [24] [25] .
Ischemic stroke event measurement
The NHIRD is extensively used in Taiwan by scholars conducting pharmacoepidemiological researches. One study confirmed the validity of using the NHIRD for identifying patients who have received a principal diagnosis of ischemic stroke [29] . An ischemic stroke event was identified when any of the following criteria were met: (1) hospitalization claims; (2) four or more consecutive outpatient hospital visits, accompanied by either claims regarding the use of various types of neurological imaging techniques (magnetic resonance imaging, computed tomography, and carotid or transcranial Doppler sonography) or ischemic-stroke-related long-term prescriptions; and (3) claims for ischemic-stroke-related rehabilitation and long-term prescriptions [30] . The specificity and sensitivity of identifying ischemic stroke were 95% and 100%, respectively [31] . Related studies have reported a similar definition of ischemic stroke and have provided additional details [31, 32] . Identifying ischemic stroke by using insurance claims has been confirmed to be valid and was applied in a similar study [29] . The main outcome of the present study was the incidence of ischemic stroke after the index date. All participants were followed until either ischemic stroke after the index date, death, the end of follow-up in medical records, or the end of 2010.
Statistical analysis
For descriptive analysis of the BD and control cohorts, continuous variables were presented as means and standard deviations, while categorical variables were reported as numbers and percentages. Intergroup differences in continuous data were determined using Student's t-test. The chisquare or Fisher's exact test was employed for evaluating intergroup differences in categorical or proportional variables, as appropriate. Ischemic-stroke-free survival was analyzed using the Kaplan-Meier method, with significance calculated using the log-rank test. Cox proportional hazard regression was used for multiple regression analysis. Statistical significance was defined as two-sided p < 0.05. All data were analyzed using IBM SPSS version 24.0 (IBM Corp, Armonk, NY, USA).
Results
Demographic characteristics of the study population
The present study included 306 BD patients and 1224 control subjects without BD. Table 1 summaries the demographic characteristics and selected comorbidities for these two groups. The mean age of the BD patients was 40.31 ± 14.86 years, and 57.84% of the BD patients were women. The comorbidity prevalence (e.g., cardiovascular diseases) did not differ significantly between the groups, as expected. The median follow-up periods of the BD and control groups were 3.48 years (range, 1.01-5.95) and 3.57 years (range, 0.62-6.51), respectively. Of the total 1530 participants, 33 (2.15%) experienced stroke during the follow-up period (Table 1) , with 13 (4.25%) in the BD cohort and 20 (1.63%) in the control cohort.
Risk factors for ischemic stroke in patients with BD
Kaplan-Meier and log-rank analyses indicated a significantly higher prevalence of ischemic stroke in the BD group compared with the control group (p, 0.004) (Fig 1) , indicating that BD patients had an increased ischemic stroke risk over the study period. Univariate Cox regression analysis revealed that compared with the control group, the BD group had a crude hazard ratio (HR) for ischemic stroke of 2.690 (95% confidence interval [CI], 1.338-5.409; p, 0.005) during the follow-up period. After adjustment for age, sex, and pre-existing comorbidities, multivariate Cox regression analysis revealed that the stroke risk during the follow-up period was 2.768 times higher (95% CI, 1.376-5.570; p, 0.004) in BD patients than control subjects ( Table 2) , suggesting that BD patients have an increased risk of having an ischemic stroke event. Univariate analysis also revealed an increased ischemic stroke risk in BD patients who were older (crude HR, 1.057; 95% CI, 1.035-1.080) and in those with diabetes mellitus (crude HR, 4.249; 95% CI, 2.084-8.664), hypertension (crude HR, 6.980; 95% CI, 3.319-14.682), or previous congestive heart failure (crude HR, 8.859; 95% CI, 3.368-23.304) ( Table 2) . Furthermore, multivariate analysis showed that after adjustment for potential confounders, older age (adjusted HR, 1.030; 95% CI, 1.003-1.058; p, 0.028) and hypertension (adjusted HR, 3.672; 95% CI, 1.474-9.148; p, 0.005) were independent risk factors for ischemic stroke in BD patients ( Table 2) .
Discussion
Although the neurological deficits associated with BD are well recognized, the association between BD and ischemic stroke has been rarely explored [26, [33] [34] [35] [36] . To the best of our knowledge, this study is the first nationwide population-based investigation of potential ischemic stroke risk factors in BD patients in Asia. The results revealed a significantly increased risk of ischemic stroke for BD patients compared to control subjects without BD. Moreover, old age and hypertension are independent risk factors for ischemic stroke in BD patients. BD is a rare, chronic autoimmune disorder with a variety of etiologies [37] . The main etiologies include genetic factors; altered host responses to microbes, hematopoietic cells, and cytokines; autoantibody and immune complex formation; and altered vascular endothelial activation and hypercoagulability [9, 10] . The manifestations of BD are believed to be caused by vasculitis that results in damage to blood vessels throughout the body [38] . The pathogenesis of stroke in BD patients may be multifactorial, which remains to be a topic of debate and the focus of research. Although BD manifests as recurrent aphthous ulcers, uveitis, and genital ulcers, BD can be devastating and even fatal because of vascular aneurysm rupture or severe neurological complications [39] [40] [41] .
In the present study, we observed a significantly increased risk of ischemic stroke among BD patients. The vasculitis-BD relationship may underlie this increased risk of acute ischemic stroke. Decreased endothelium-dependent flow-mediated dilatation has been observed in BD patients [42, 43] . In addition, BD patients exhibited increased intima-media thickness and decreased arterial distensibility compared with controls [44] . These factors all contribute to a tendency toward vascular stenosis in BD patients. Among stroke subtypes, ischemic stroke accounts for nearly 80% of stroke events [16] . Ischemic stroke is caused by decreased or completely blocked blood flow [45] ; such reduction in the blood supply may be caused by severe stenosis, reduced systemic perfusion, or blood vessel occlusion. The primary causes of ischemia include thrombosis, embolization, and lacunar infarction resulting from small vessel disease. Therefore, thrombosis development is an important risk factor for ischemic stroke in BD patients.
Several BD-associated factors may contribute to thrombosis development to some degree in BD patients [28, 42] . Endothelial activation in the lumen of affected vessels may result in vascular inflammation and thrombosis in BD [46, 47] . Many BD patients appeared to be in a generalized hypercoagulable state, based on evidence of increased thrombin formation and decreased fibrinolysis [48, 49] . Arteritis that involves the vascular system in the brain parenchyma may lead to ischemic stroke, aneurysmal dilatation, dissection, and subarachnoid hemorrhage. In the present study, we observed a 2.77-fold higher ischemic stroke risk in BD patients.
In the present study, older age and hypertension were found to be independent factors contributing to ischemic stroke in BD patients. In addition, BD patients with older age and hypertension had a higher risk of stroke. The findings of this study show that BD patients had a considerably higher ischemic stroke risk than expected; therefore, the hazardous effects of vascular damage and hypercoagulative status on cerebral vessels should not be overlooked. A proactive and prompt preventive plan should be employed for BD patients, especially for those After adjustment for age, male sex, hypertension, diabetes mellitus, valvular heart disease, congestive heart failure, hyperlipidemia, and Behçet's disease with concomitant risk factors for ischemic stroke. Our statistical analyses using information in a medical database do not provide sufficient information regarding the association between BD and stroke, especially regarding the mechanism of pathogenesis. However, our data show that BD patients have a significantly increased risk of ischemic stroke. Further research is necessary to confirm our findings and explore the mechanism underlying the association between BD and stroke.
Strength and limitation in the study
The main strength of this research is its data source, a nationwide population-based database that represents the general population of Taiwan. Most events could be traced and patients followed, and referral bias was kept to a minimum because Taiwan's NHI program is a singlepayer, mandatory program with low copayments and services that cover more than 99% of the Taiwanese population. Furthermore, ischemic stroke and comorbidity diagnoses were reliable; claims on the NHI are scrutinized and validated by medical reimbursement specialists and are subject to peer review. Nevertheless, the present study also had some limitations. Firstly, the NHIRD does not contain detailed biochemical data, body weight or body mass index details, information indicating the clinical severity of diseases, family history, or lifestyle factors, each of which may be a risk factor or comorbidity for ischemic stroke. For example, the HLA-B51/B5 gene is recognized as a risk factor that substantially contributes to BD, but this information is not included in the NHIRD. In addition, the data regarding lifestyle-related risk factors for ischemic stroke such as dietary habits, cigarette smoking, alcohol consumption, and physical activity were unavailable. Second, this study had a retrospective design, and such studies tend to be more susceptible to bias than are those with a prospective design. However, this study avoided two possible major biases-related sampling problems by selecting patients randomly from a populationwide database and by avoiding recall problems via examining national health care records. Finally, as with the compilation of data in any administrative database, coding errors and undercoding are possible.
Conclusions
BD Patients in Taiwan are at increased risk of ischemic stroke. More aggressive primary and secondary prevention strategies are needed for this patient population. Further investigation is necessary to determine whether treating conditions that are stroke risk factors in these patients can decrease the likelihood of ischemic stroke.
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